Cornus florida L. is one of the most numerous tree species in the Eastern United States (US). Multiple studies have reported localized declines in C. florida populations following the introduction of the destructive fungus Discula destructiva Redlin (dogwood anthracnose), but few, if any, have documented changes in C. florida populations across the species' entire natural range. Thus, a current assessment of the C. florida population in the Eastern US and implications for future sustainability is warranted. Our study's goal was to present C. florida population estimates across the natural range of the species (Little, 1971) 
Introduction
Cornus florida L. (flowering dogwood) is widely distributed across the eastern landscape of the United States (US) and is one of the most common understory trees in North America (Jenkins & White, 2002) . Little (1971) describes the C. florida geographical distribution as covering the majority of the Eastern US from northern Florida and the Gulf Coast to southern Michigan and New England and extending as far west as eastern Oklahoma and eastern Texas. Although C. florida is an important member of the eastern deciduous forest, the species has been and is currently experiencing localized and regional declines. Cornus florida declines have largely been attributed to an imported fungus (Britton, 1994) . The fungus Discula destructiva Redlin (dogwood anthracnose) (Mielke & Langdon, 1986; Redlin, 1991; Chellimi et al., 1992) has been identified as responsible for considerable C. florida mortality throughout the East, particularly in the Appalachian ecoregion .
Botanical surveys conducted throughout the 20 th Century have documented the abundance of C. florida in the Eastern US (Hiers & Evans, 1997) . Measures of high relative density and elevated importance values prior to D. destructiva infestation were reported by Hannah (1993) in North Carolina, Quarterman et al. (1972) in Tennessee, Muller (1982) in Kentucky, Carr and Banas (2000) in Virginia, and Sherald et al. (1996) in Maryland. Moreover, C. florida has been documented as a common component of second-growth hardwood stands (Orwig & Abrams, 1994; Jenkins & Parker, 1998) , as an important understory component of old-growth forests (McCune et al., 1988; Goebel & Hix, 1996) , and is also reported to be a significant source of calcium, in the form of leaf litter, in the surface horizons of some forest soils (Thomas, 1969; Hepting, 1971) .
Multiple studies (Hiers & Evans, 1997; Schwegman et al., 1998; Williams & Moriarty, 1999; McEwan et al., 2000) have reported substantial C. florida mortality at local scales across its natural biological range following local colonization by D. destructiva, the causal agent for dogwood anthracnose (Redlin, 1991) . While numerous studies have quantified local losses of C. florida (Sherald et al., 1996; Hiers & Evans, 1997; Schwegman et al., 1998; Williams & Moriarty, 1999; Carr & Banas, 2000; McEwan et al., 2000) specifically attributed to D. destructiva, few, if any, studies have quantified large-scale losses across the entire range of C. florida. Given that C. florida is one of the most numerous tree species in the Eastern U.S. (Woodall et al., 2010) , a current assessment of the C. florida population in the Eastern US and implications for future sustainability is warranted. While D. destructiva is a known pathogen that has had documented negative impacts on C. florida populations, the decline of C. florida is ultimately a combination of numerous causal agents, including inter-and intraspecific competition, defoliators, and a lack of management or restoration of the species. Setting aside the complexities of abiotic and biotic decline agents, much can be gained from a strategic-scale assessment of C. florida population changes known to be experiencing localized declines using comparisons of large-scale forest inventories. Hence, our study's goal was to present C. florida population estimates across the natural range of the species (Little, 1971) in the Eastern US for two periods based on state-level forest land inventories conducted by the US Department of Agriculture (USDA) Forest Service, Forest Inventory and Analysis (FIA) program. Our specific objectives were to: (1) quantify current C. florida populations in the Eastern US, (2) quantify change, if any, in C. florida populations for the period beginning in the early 1980s to 2007 and (3) identify regional and spatial trends in C. florida population shifts for the same period.
Materials and Methods

Data
The forest inventory conducted by FIA is a year-round effort to collect and disseminate information and statistics on the extent, condition, status and trends of forest resources across all ownerships (Smith 2002) . In the late 1990s, FIA began a transition from irregular and asynchronous periodic inventories to annual inventories (Bechtold & Patterson, 2005) . Before 2000, most inventories were periodic; since 2000 most states have been inventoried annually. FIA applies a nationally consistent sampling protocol using a quasisystematic design covering all ownerships in the entire Nation (Bechtold & Patterson, 2005) . For this study, data was collected across 41 FIA regional units among 13 states. Fixed-area plots were installed in locations with accessible forest land cover (Bechtold & Patterson, 2005) . Field crews collected data on >300 variables, including land ownership, forest type, tree species, tree size, tree condition, and other site attributes (e.g., slope, aspect, disturbance, land use) (Smith, 2006; US Department of Agriculture, 2004) . Plot intensity for field collected data was approximately one plot for every 2400 ha (6000 acres) of land (125,000 plots nationally).
The design for FIA inventory plots consists of four 7.3 m fixed-radius subplots spaced 36.6 m apart in a triangular arrangement with one subplot in the center (Bechtold & Patterson, 2005) . All trees with a diameter at breast height (d.b.h.) of at least 12.7 cm are inventoried on forested subplots. A 2.1 m radius microplot, offset 3.7 m from subplot center, is established within each subplot. All live tree seedlings are tallied according to species within each microplot. Conifer seedlings must be at least 15.2 cm in length with a root collar diameter < 2.54 cm to qualify for measurement. Hardwood seedlings must be at least 3.5 cm in length with a root collar diameter < 2.54 cm to qualify for measurement.
Data were assembled from the USDA Forest Service, FIA database (FIADB) version 3.0 in May 2009 (US Department of Agriculture, 2006) . The FIADB contains both current and historic inventory data related to the forest resources of the U.S. (Reams et al., 2005) . County level estimates of C. florida populations (number of all live trees > 2.54 cm d.b.h.) and total C. florida biomass (tons of all live trees > 2.54 cm d.b.h.) were generated for all states (except Oklahoma) within the historic range of C. florida (Little, 1971 ) from FIA plot data for two periods in time and labeled time 1 and time 2 ( Table 1) . Perfect alignment of inventory dates was not possible due to the nature of past periodic inventories and variability in transition times between periodic and annual inventory designs (Bechtold & Patterson, 2005 ). Similarly, county-level population estimates were necessary because of the lack of complete plot alignment due to an altered plot design (variable radius to fixed radius) between periodic and annual inventory implementation. The data labeled time 1 ranged from 1983 in Nebraska to 1995 in Arkansas and Maine (Table 1) roughly corresponds to the time around which D. destructiva was first identified as a causal agent for dogwood anthracnose (Mielke & Langdon, 1986; Redlin, 1991; Chellemi et al., 1992) , and represents a time period early in the spread of the disease. The data labeled time 2 was less variable and ranged from 2005 to 2007. Individual counties were assigned to FIA substate units that correspond to both political and ecological boundaries (Figure 1) . Table A5 for unit code descriptions).
Analysis
Absolute change, percent change and annual change was calculated for each county. Annual change was calculated by dividing the difference between times 1 and 2 for each county by the remeasurement period. Paired t-tests pairing county-level estimates at times 1 and 2 using R (R Development Core Team, 2009) were used to identify significant changes in C. florida tree populations and total biomass rangewide and within states and regional (FIA) units between times 1 and 2. Additional paired t-tests were used to test for significant changes in tree populations and total biomass within 5.1 cm diameter classes rangewide. Biomass estimates were converted to metric equivalents post-analysis.
Results
Rangewide
No C. florida stems were sampled in the states of Vermont, New Hampshire or Wisconsin for the two periods represented in this study. The rangewide C. florida population in the Eastern US declined approximately 49% (P < .0001) from an estimated 9.3 billion trees at time 1 to an estimated 4.7 billion trees at time 2 (Table A1) . Mean annual change among all states within the historic range of C. florida equates to losses of approximately 8.6 million trees·year -1 over the period of this study. Total biomass (Mg) declined approximately 58% (P < .0001) from 10.0 million Mg to 41.8 million Mg from time 1 to time 2, respectively ( Table A1 ). Mean annual change was approximately -112,418 Mg·year -1 among all states. All C. florida stems sampled in times 1 and 2 were in the 35.6 cm diameter class or smaller (Table A2 ). Significant declines in the total number of C. florida stems occurred between time periods for the 5.1, 1.2, 15.2, and 2.3 cm (2, 4, 6 and 8 in.) diameter classes (P < .0001, < .0001, < .0001, < .0001, respectively), while significant declines in biomass were identified in the 5.1, 1.2, 15.2, 2.3, and 25.4 cm (2, 4, 6, 8, and 10 in.) diameter classes (P < .0001, < .0001, < .0001, < .0001, = .0075, respectively). The relative declines in biomass were slightly larger than declines in the number of stems for each of the 5.1 cm (2 in.) diameter classes (Table A3) . What appeared to be large relative increases in the 35.6 cm (14 in.) diameter class were not significant for either number of stems or dry biomass (P = .1507 and = .2489, respectively).
State Level
Seventeen out of 30 eastern states experienced significant declines in C. florida populations, while 20 states experienced significant declines in dry biomass ( Table A4 ). The largest absolute declines in numbers of stems, calculated as mean county change, occurred in Alabama, followed by West Virginia, Virginia, North Carolina and Tennessee with losses of 8.1, 7.5, 6.0, 5.8 and 5.0 million trees, respectively (all p values < .0001). Cornus florida biomass declines were also largest in Alabama (Table A4) . Maryland (P = .0038) was the only state where a significant increase in biomass was observed. No significant increases in numbers of trees were observed. Cornus florida was sampled only for time 1 in Kansas, Maine and Nebraska and, therefore, relative losses appeared to be 100% (Table A1), although not significant ( Table A4 ). The largest relative declines in numbers of trees from time 1 to time 2 were observed in West Virginia (-73%; P < .0001), Ohio (-71%; P < .0001), Maryland (-66%; P = .0043) and Pennsylvania (-64%; P < .0001) ( Table A1 ). The largest significant relative declines in biomass occurred in New York (-71%; P = .0194), Ohio (-70%; P < .0001), Mississippi (-69%; P < .0001), Virginia (-68%; P < .0001) and North Carolina (-67%; P < .0001) (Table A1).
Substate Level
Cornus florida stems were recorded in 107 FIA units in either times 1 or 2 or at both times (Table A5 ). Significant declines in numbers of stems were observed in 57 units (53%). Dry biomass declined in 55 (51%) of the 105 FIA units. Significant declines in both numbers of stems and dry biomass were detected in 48 units (45%). The largest regional declines in number of stems were in southwest-north Alabama (-16.4 million trees·county -1 , P = .0035) and southern West Virginia (-13.9 million trees·county -1 , P < .0001). Biomass loss was greatest in southwest-north Alabama (-244,723 Mg·county -1 , P = .0105) and west central Alabama (-188,035 Mg·county -1 , P < .0023). Losses, both in terms of number of stems and biomass, appeared to be heaviest within the Appalachian Mountains and surrounding area. Interestingly, significant regional increases in number of stems (P = .0280) and biomass (P = .0294) were observed in the South Delta unit in Louisiana which is outside of the geographic distribution delineated by Little (1971) .
The largest substate declines relative to the time 1 population occurred in New York. The Adirondack and South-central Highlands units experienced a 100% loss of C. florida stems (P = .0419 and = .0233, respectively). Sixteen percent of all substate units experienced calculated declines of >75%. Calculated relative declines in excess of 50% were recorded in 53% of all FIA units. Relative increases in stem numbers, regardless of statistical significance, were observed in 16% of units. Significant increases in numbers of stems were observed in the Southwestern Ozarks of Missouri (P = .0193) and in the South Delta of Louisiana (P = .0280).
Discussion
The results of this investigation suggest that C. florida populations have declined significantly across the Eastern US Declines in absolute numbers of trees have been particularly noticeable in the Appalachians and in the South. Losses relative to population levels during the period of 1983-1995 (time 1) appeared larger in the North. One reason for this may be that the majority of the data for time 1 was collected in the late 1980s and early 1990s. Symptoms of what was once labeled "lower branch dieback" (Daughtrey & Hibben, 1983) but eventually described as D. destructiva (Redlin, 1991) were first recognized in New York in the spring of 1979 (Daughtrey et al., 1996) . Therefore, many stems could have succumbed to D. destructiva and not have been sampled in the northern FIA inventories during the late 1980s. However, the southern FIA inventories may not have been impacted due to the lag time that would result from the movement of D. destructiva migration southward.
This analysis does not discriminate among causal agents of C. florida mortality. However, with declines correlating geographically with the known D. destructiva distribution coupled with numerous localized investigations implicating D. destructiva in significant C. florida losses, it can be assumed that D. destructiva has had a significant impact on populations in the region. While the assumption of the authors is that a significant amount of the C. florida declines revealed by this investigation can be attributed to the impacts of the fungus D. destructiva, other factors are likely to have played some role, particularly in states where D. destructiva has not been identified as problematic (e.g., Mississippi). For example, Pierce (2001) , in Indiana, attributed C. florida mortality to competition with Acer saccharum and mediated by fire suppression activities. In Kentucky, McEwan et al. (2000) reported a 36% decline in C. florida density in an old-growth stand prior to the documentation of D. destructiva in the area. While it is possible D. destructiva was present without having been documented, McEwan et al. (2000) suggested that factors such as canopy closure, drought, and natural canopy-gap dynamics may have been an important factor. That theory is supported by a study by Oswalt and Oswalt (2010) , which found that changes in C. florida populations were significantly related to changes in all live volumes of forest density. The well documented deleterious impacts of D. destructiva, however, cannot be ignored. According to reports from Anderson (1991) and Anderson (1992, 1993) , D. destructive-mediated C. florida mortality increased from 0% to 23% in the Appalachians between 1988 and 1993. Concomitantly, the area estimated to be infected with D. destructiva increased from 0.2 to 7.0 million ha over the same period (Daughtrey et al., 1996) . Moreover, Windham et al. (1993) reported widespread infection and rapid die-off of C. florida throughout the Great Smoky Mountains National Park in the early 1990s.
While the declines in C. florida populations were significant for this study, loss estimates were generally lower than many of the documented studies at much smaller scales. For example, while the results of this study suggested losses of approximately 60% of the C. florida population in east Tennessee and 74% on the Cumberland Plateau, Hiers and Evans (1997) reported C. florida declines of approximately 98% from C. florida population estimates first reported by McGee (1986) in Tennessee. Myers et al. (2004) observed significant declines of C. florida, also on the Cumberland Plateau, and documented the species' complete disappearance from the subcanopy on their study site. The current study suggests that while the loss amounted to approximately 74% of the C. florida population, declines averaged >10 million stems per county on the Cumberland Plateau between times 1 and time 2 ( Table 1 ). The loss of C. florida on the Cumberland Plateau in Tennessee during the period of this study was approximately 170 million trees.
In Maryland, C. florida declines averaged between 56 and 79% among four regions between times 1 and 2. Sherald et al. (1996) documented C. florida mortality at approximately 77% between 1976 and 1992. Regional relative declines of C. florida populations in Pennsylvania ranged from 63% to 82% with no change in mean county-level populations estimates in the North Central Allegheny region. Williams and Moriarty (1999) reported C. florida mortality in the northern Allegheny Plateau of between 58% and 68%. The lack of significant change in some parts of the Allegheny region could be a result of the lower densities of C. florida documented in the area (Williams & Moriarty, 1999) . In some areas, the lack of significant change was possibly due to a limited number of counties in some regional FIA units (e.g., Western unit in Maryland has two counties).
It is important to note that the estimates reported here for the period 1983 to 1995 (time 1) were generated during a time when FIA implemented periodic inventories. The estimates generated for the period 2005-07 (time 2) were generated from the FIA program's annual inventory design (Bechtold & Patterson, 2005) . As a result, additional uncertainty is introduced when comparing estimates across time. However, analyses at broad scales, such as the one here, reduce the probability of the additional uncertainty significantly influencing the results. Fei and Steiner (2007) used similar methods (time 1 data was from periodic inventories and ranged from 1980-1995 while time 2 data was from annual inventories with a much smaller range) to identify large-scale increases in Acer rubrum populations in eastern forests. Regional differences as a result of FIA organizational structure between the North and South are recognized during implementation of both the periodic and annual inventories. However, focus on tree level variables minimizes the impact of such differences.
Given the documented range of dogwood prior to 1971 (Little, 1971) and its substantial decline from the 1980s to the present, we hypothesize that future dogwood populations will continue to wane. The deleterious effects of D. destructiva, combined with inter-and intra-specific competition, defoliators, and little emphasis on restoration and management engenders little hope for slowing the decline of C. florida populations on the landscape. Additionally, climate change effects might be expected to negatively affect C. florida populations. The relatively widespread C. florida range could ensure its stability in limited southern locations, while the majority of its extent in the middle and high latitudes may face increased competition due to climate-change induced species migration (Woodall et al., 2009) . Some evidence from this study suggests that range shifts may already be occurring in C. florida populations given that the greatest losses in biomass occurred in the species' northern range and greatest gains occurred in its southern range. However, range shifts were not the focus of this study and further investigation and monitoring over time will be necessary to corroborate those initial observations. Although the future range and magnitude of C. florida populations is uncertain, the need for continued monitoring and proactive approaches to restoration and management is evident.
Conclusion
While declines were widespread in the substate units surrounding the Appalachians, the largest declines appeared to be centered within the Appalachian ecoregion. These results indicate that an important component of the eastern deciduous forest may be suffering serious declines. Our results support many smaller, localized investigations of C. florida mortality as well as large quantities of anecdotal evidence that has been accumulated over time. Cornus florida has been an important tree species in the Appalachian ecoregion. Faced with large-scale declines in populations of C. florida, particularly in the midstory of eastern deciduous forests, further expansion of generalist species such as A. rubrum may be expected to occur. The need for continued monitoring and proactive restoration and management goals for C. florida is evident. Table A3 .
Estimates of the number of trees and aboveground biomass of dogwood for times 1 and 2 along with associated sampling error, t statistic, p-value and percent change by diameter class. 
